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SUMMARY 

".ti, On August 16, 1963, a "Study of Capacitors for Static Inverters and Converters" 
w a s  started.  Its objective is to facilitate proper capacitor selection to minimize 
s ize  and weight consistent with over-all  equipment performance and reliability. 

The need for  such a study w a s  influenced by the significant capacitor volume, 
weight and reliability factors  in s ta t ic  inverters and converters,  particularly 
in  space environments where volume, weight and reliability a r e  at a premium. 

General E lec t r i c ' s  Specialty Control Department in Waymsboro, Virginia is 
cmduct ing  this capacitor study .  

The f i r s t  quarter ly  report  covers the work accomplished from August 16 to  
November 16, 1963 on the capacitor study. This report  contains: 

a) An analysis of the operation of commutating capacitors. 

b) Selection of capacitance values to conduct a state-of-the-art survey. 

c)  Engineering specifications for  capacitors for  the survey. A d 7  d 4  
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INTR ODUC TION 

A need for  the l1Study of Capacitors for  Static Inverters  and Converters1' w a s  in- 
fluenced by the stringent requirements imposed on capacitors by the operating 
nature of the equipment and environment. 
be divided into two general  catagories: (1) Heat generation; and (2) Heat transfer.  

These stringent requirements may 

In static inverters ,  appreciable heat generation within capacitors is caused by 
input voltage ripple having frequencies of s eve ra l  kilocycles, commutating 
current  pulses of approximately 5 kilocycles and harmonic currents  i n  the 
output. 
a c r o s s  the mounting surface to radiator systems on space vehicles. 

Heat t ransfer  f rom the capacitors is generally limited to conduction 

Lack of adequate alternating current data and character is t ics  of electrolytic, 
paper and film dielectric capacitors contribute to  the difficulty of properly 
applying capacitors to aerospace inverters and converters.  
of capacitors i n  aerospace static inverter equipment could result  in  appreciable 
penalties i n  weight and reliability factors,  both of which a r e  at a premium in 
equipments operating in  space environments. 

Improper application 

Objectives of this study are  to: 
and limits for  such factors  a s  safe operating voltage, temperature rise, 
factor and reliability in  aerospace static inverter  and converter applications, 
and (2) facilitate proper capacitor selection to minimize volume and weight 
consistent with maximum equipment perf orma nce and reliability. 

(1) establish capacitor character is t ics ,  ratings 
power 

Capacitors to be studied a r e  limited to those suitable for  use in  aerospace static 
inverters  and converters operating in  a space environment. These inverters  
are to  provide 400 cycle, 3 phase outputs at voltage levels of 115/200 volts i n  
power output ranges from 100 watts t o  10 kilowatts. Input voltages w i l l  range 
f rom 25  to 105 volts dc. 

I The capacitor study consists of the following phases: 

Phase I - - Define Capacitor State-of-the-Art Survey -- Analyzing operation 
of commutating and filter capacitors and determining character is t ics .  
(August 16 to  October 1, 1963) 
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Phase I1 -- Conduct Capacitor State-of-the-Art Survey -- Requesting pro- 
posals from all known capacitor vendors for  selected representative 
capacitor type and rating specifications. (October 1, 1963 to 
January 1, 1964) 

Phase I11 -- Experimental Testing -- Obtaining tes t  units and applying 
capacitor operational tes t  parameters to  determine affects of power 
factor ,  thermal  conditions, current waveforms and safe voltage levels 
on volume, weight and reliability. (January 1 to  July 1, 1964) 

Phase IV -- Capacitor Evaluation and Recommendations -- Evaluting state- 
of-the-art capacitor performance in static inverter and converter 
applications and recommendations for new approaches o r  development 
to improve the state-of-the-art. (July 1 to  August 15, 1961) 

This is the first quarter ly  report  of the work accomplished from August 16 
to November 16, 1963. During this time period, Phase I was completed and 
Phase I1 was initiated. 
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I 1.0 

~ 1.1 i 

Capacitor Types and Basic Considerations 

Types and Functions 

Static inver te rs  that employ silicon controlled rect i f iers  for  static 
switches generally require three (3)  types of capacitors: (1) G m m u -  
tating; (2) A.  C. Filter; and (3)  D. C. F i l te r .  Static inverters  that 
employ t rans is tors  for  static switches generally require only two 
(2) types of capacitors: (1) A.C.  Fi l te r ,  and (2) D.C. Filter. 

Commutating capacitors in conjunction with commutating reac tors  
are used for  e lectr ical  energy storage to effect commutation of load 
cur ren t  f rom one silicon controlled rect i f ier  t o  another. The s tored 
e lec t r ica l  energy in  these Commutating components furnish sufficient 
back biasing voltage to  a rectifier that has been conducting t o  turn it 
off when a second rect i f ier  is turned on. 
Appendix A explains this functional operation in more  detail. 

The analysis contained i n  

Alternating current  f i l ter  capacitors a r e  normally required with 
reac tors  i n  the output circuits of static inverters  to shape voltage 
and current  waveforms from quasi square-wave, caused by the 
al ternate  static switching, to sinusoidal waveforms. Generally, these 
inductive-capacitive (L-C) fi l ters employ capacitors connected in  
series and in parallel with the load as shown in Figure 1. 

Direct current  filter capacitors a r e  usually employed i n  input circuits 
of static inverters  and output circuits of converters.  Their main pur- 
pose is storage of e lectr ical  energy and re lease  thereof for  reducing 
o r  regulating source voltage variations from pulse loading. 

Application Considerations 

Environments 

Potential environments that capacitors may encounter in aerospace 
s ta t ic  inverter  and converter applications are major  considerations in 
the selection of capacitor materials.  Environmental conditions, 
assumed to  be representative for a variety of equipment design app l i -  
cations, selected for  a state-of-the-art survey in  this study are: 
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Heat Sink Ambient Temperature Range: -55OC to 485OC. 

Capacitor heat t ransfer  by conduction to heat sink. 

Shocks of 35 g’s i n  half sine wave shocks for  0.008 seconds. 

Vibration: Sinusoidal 
Frequency (CPS) 

5 - 2 0  
20-100 
100- 500 
500-2000 

Force  o r  Displacement 
0 .3  inches double amplitude 
5 g’s 
10 g’s 
15 g‘s 

Radiation: 
5 x NVT Fast Neutrons/cmZ 

5 x 10” RADS (carbon) Gamma Part ic les  

Hermetically sealed construction to protect capacitor f rom effects of 
sublimation f rom temperature-pres su re  conditions. 

T T - -  -I A L -  _ _  u a c  u L  L I i e a 3 t :  = t l v i r u t l r r ~ t i i i  Coiisiilercriiriris, in the capacitor state-of-the- crri 
survey is being made to facilitate the usefulness of this study to equipment 
designers of aerospace static inverters .  and converters.  

2.2 Power Source 

Types of power sources  considered for the inverters  and converters in this 
study are: a) Batteries,  b) Solar cells, c)Thermionic converters,  d) Fuel  
cells, and e)  Rotating d.c. generators. 

Pow e r s our c e char a c te r i s t i c s , pa  r ti cula r ly voltage r egulat ion, r i pp le and 
t ransient  voltages a r e  important considerations i n  selection of capacitors 
for equipment designs. 

Source voltage range for this capacitor study is f rom 25 to 105 volts d.c. 
However, with present and near future power sources  it a p p e a r s  that source 
voltage ranges f rom 25 to  35 volts, 50 t o  65 volts and 90 to 105 volts offer  
a representative coverage within the range from 25 to 105 volts. These three 
(3) discrete  source voltage ranges were selected for  the capacitor state-of- 
the-art survey. 
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2.3 

~ 3 . 0  

The second power source consideration is r i p p l e .  A peak-to-peak 
r i p p l e  of plus and minus 10 pe r  cent of the maximum steady state voltage 
w a s  chosen as being representative for  various applications of d. c. 
input fi l ter  capacitors. Maximum frequency of the r i p p l e  voltage w a s  
selected at 25 kilocycles. 
of other unfiltered static inverter equipment operating from the same 
power source.  

This frequency is considered representative 

The third power source consideration i s  voltage transients.  Removal 
of loads nea r  the end of a transmission line can cause transient over- 
voltage conditions. Fo r  this study, transient overvoltages of 150 p e r  
cent for durations up to  100 milliseconds are considered representative 
f o r  some aerospace static inverter applications of d. c. f i l ter  capacitors. 

Load 

Load character is t ics ,  such as transient overvoltage from load removal 
and overcurrents  are  a l so  important r ~ n s i d e r z t i c ~ s  i:: thc se?ect isn of 
a. c. f i l ter  capacitors for equipment designs. Transient overvoltage of 
125 per cent of rated voltage for a duration of 5 cycles of the rated400 
cycle base w a s  chosen to be representative of equipment applications 
f o r  this study. Overcurrents of twicewrated load current  for 5 seconds 
was a l so  considered representative of equipment applications for  this 
study. However, output inductive-capacitive (L-C) fi l ter  configurations 
and power factor of the load during overcurrent  conditions have a 
relationship to  the peak currents  and voltages of the capacitors. 
purposes of this study, two (2) rated r m s  voltage values were selected 
f o r  the capacitor survey. 
Dielectric voltage rating for these capacitors were chosen to be 600 
and 1000 volts respectively to accommodate peak transient voltage con- 
ditions. 
overheating k i n g  inverter operation a t  400 - 4 20 cps. 
State-of-the-Art-Survey 

For 

These a r e  135 and 270 volts r m s ,  420 cycles, 

The 420 cycle rating was chosen to provide adequate margin from 

Purpose 

Conduction of a capacitor survey with specific capacitor ratings and duty 
w i l l  facilitate establishment of a state-of-the-art base from which 
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capacitors can be evaluated. Also, contacts with all known capacitor 
vendors w i l l  enable selection of capacitors for testing that a r e  repre-  
sentative of the state-of-the-art. 

3 . 2  Evaluation Cri ter ia  

Establishing the state-of-the-art, of specific capacitor ratings and duty 
for application in static inverters  and converters operating in  space environ- 
ments,  is planned to  be accomplished with the following cr i ter ia :  

A) Volume t o  capacitance rat io  
B) Weight to capacitance rat io  
C) 
D) 
E) 

Power factor to thermal  resistance rat io  
Volume-weight to  volt-ampere rating o r  energy storage ratis 
Cost to  volt ampere  rating or  energy storage ratio 

These c r i te r ia  can only be applied logically when capacitors are compared 
to  a common base.  Therefore, engineering specifications for capacitor 
types were  prepared with which to conduct the survey .  
based on analysis of circuit  operation and design eqperience with s imi la r  
c i rcui ts ,  are in  Appendix B of this report .  

These specifications, 

3 . 3  Selected Capacitor Values \ 

Static inverter  and converter output power range of 100 w a t t s  to 10 kilowatts 
used in  this study is subdivided into these three (3)  output p w e r  ranges and 
output power level selected for capacitor sizing: 

Output Power Range Output Power Level for  Capacitor 
(wat t s )  Sizing 

(wat t s )  
100-500 300 
5 00 -200 0 L250 
ZOOO-lo ,  000 5000 

3 .  3 . 1  Commutating Capacitors 

Analysis of the operation of commutating capacitors and design experience 
with static inverters  has shown that a relationship exis ts  between the 
value of capacitor and characterist ics of the static switching device. 
character is t ics  of the switching device that enter this relationship to 
capacitor value a r e  magnitude of load current  flowing through the switching 
device at the end of each half cycle (i. e., start of commdation) and device 
turn-off switching time. 

Four (4 )  types of silicon controlled rectifiers,  with cur ren t  ratings that 
are capable of handling the inverter  power output range i n  this study, 
were chosen for sizing the commutating capacitors.  Turn-off t imes  

The 
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used for these silicon controlled rectifiers a r e  either vendor guaranteed 
or t es t  selected by vendor. 
silicon controlled rectifiers at the end of the half cycle a r e  based on 
design experience with these devices for 180 degree conduction angles. 

Values of current  flowing through the 

The design equations used for sizing the commutating capacitors are: 

Emin. Emin. 

Where I, is current flowing through the silicon controlled rectifier 
at the end of the half cycle, teff is turn-off time for the rectifier,  
Emax. and Emin, a r e  maximum and minimum steady state source 
voltages respectively and Ip is peak amperes  capacitor current.  

These equations a r e  derived i n  Appendix A of this report .  

Commutating capacitors, selected from the analysis shown in  Appendix 
A for the state-of-the-art survey a re :  

Capacitance (ufd) D. C. Voltages 
5 35,65 a n d  105 
15 
50 

35,65 a n d  105 
35,65 and 105 

These capacitance values, w h e n  used singly or in multiples, a r e  cap- 
able of covering the inverter output power range for this study. 

I 3.3.2 A. C. Filter Capacitors , 

Inverter output voltage in this study i s  115/200 volts, 400 cycles per 
second. Fi l ter  capacitors connected i n  parallel  with the l h d ,  a s  
shown i n  Figure 1, have voltage rat ings consistent with the load voltage. 
Voltage ratings of fi l ter  capacitors connected i n  s e r i e s  with the load 
or reactors  a r e  dependent on inverter waveforms, f i l ter  design and load 
cur ren ts .  



A .  C. FILTER CONFIGTJRATION 

Cs - Series Capacitor 

Cp - Paral le l  Capacitor 
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F o r  this study, the following capacitors have been selected for  the 
survey: 

Capacitance (ufd) RMS Voltage 
1- 3 135 and 270 
8-10 135 and 270 
50-60 235 and 270 

These capacitance values, used singly o r  i n  multiples wi l l  accommodate 
many equipment designs within the output power range of this study. 

3.3.3 D. C. F i l te r  Capacitors 

I 4 . 0  

Discrete source voltage levels, selected for  this study and survey, 
establish voltage ratings of the input fi l ter  capacitors. 
capacitance ranges were selected for the capacitor surveys. 
a r e :  

Two (2) 
These 

Capacitance (ufd) Voltages 
10 0 0 - 15 00 
20, 000-25, 000 

35,  6 5  and 105 
35, 65 and 105 

These capacitance values, o r  multiples thereof, w i l l  accommodate 
many equipment designs within the inverter and converter ratings for  
this study. 

Work Planned for Next Quarterly Report Period 

Completion of the capacitor state-of-the-art survey and purchase of 
capacitors for the experimental testing a r e  planned to be cQmpleted 
by the end of the next quarterly report  period. 

The experimental testing w i l l  be divided into two (2) general  catagories: 
(1) Thermal  testing; and (2) Life testing. 
to evaluate parameters such a s  frequency, power factor,  voltage and/or  
current ,  volume-weight configuration affecting thermal  conditions and 
levels of voltage and temperature related to  minimum volume-weight 
to capacitance rat ios  for safe and reliable application. Completion of 
detailed t e s t  plans and procedures i s  scheduled during the next quarter ly  
r e  port period. 

These tes t s  w i l l  be conducted 
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5 . 0 .  CONCLUSIONS 

1. Minimum commutating capacitor values are determined from the static 
switching device turn-off t ime, the source voltage levels and load 
cur ren ts  in  s t a t i p  inverters  and converters.  

2. Conducting a capacitor survey with specifications for discrete  capacitor 
values w i l l  facilitate establishment of a state-of-the-art reference for  
capacitors applicable to static inverter and converter designs. 
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Commutating Capacitor 
Commutating Reactor 
Silicon Controlled R e  ctifie r 

Figure A 

Analysis of operation for this circuit  is based on these assumptions: 

1) Inductive load current  does not change during the commutation 
interval. 

2) Ful l  load turn-off t ime is one half that at no load. 

3) When capacitor voltage is  zero, turn-off interval is  over. 

The equivalent circuit  shown in  Figure B i s  for  the condition when SCR2 has 
just been triggered into conduction. and SCRl conduction blocked a t  beginning 
o f cowmutating interval. 

Figure B 

Writing the voltage equation for  the loop 
- E (t) + E$) F: il(t)dt 4 L d iz ( t )  where t is  turn-off interval 
2 C dt 



Equations describing the equi 
notation are: 

S 

Combining equation (1) and (2) gives 

1 c SL 
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t, shown in  Figure B, in Laplace 

sc 

Substituting equation ( 4 )  into equation ( 3 )  gives 

X"Ec(s) = Ec(t) I -E- - E(1- cos wt) - 2L Iow s in  wt (5) 
2 

where w = 1 1% 
when E, = 0, turn-off interval is over. 

E = E cos wt - 2 L Io w sin w t  
2 

Solving fo r  t 

( 6 )  - 
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A t  Io = o (no load o r  current  that goes through zero  at end of half cycle) 

Using the second assumption that turn-off (t off) at full load is one half 
o f t ,  t off p W / ~ W  p 

6 

Using t off i n  equation (6) gives 

E 
2 
Substituting 1/ m f o r  w 

= E cos W / 6  - 2 L Io w sin 37/6 - 

0.366 E = Is E i i j  

To determine the capacitance (c), divide equation (7) by t off, wxch  gives 

0 .3663  6 Io - 
t off C 

C = 5.22 Io t Off  

E 

Inductance value (L) may be determined by multiplying equation ( 7 )  by 
t off, which gives 

L =  0 .7  E t  off 
I O  

(9 )  

E in equations (8) and (9) a r e  minimum steady s ta te  source voltage and 
Io i s  the load current  to be commutated at the end of a half cycle. 
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Capacitance values for  circuit configurations shown in  Figure A a r e  
determined by the minimum steady state voltage levels, Io and t off 
of silicon controlled rectifiers listed in  Table I. 

TABLE I 

Silicon Controlled Rectifiers 
TY Pe Io t off 25V 50V 90V 

G.E.  C-11 6 12 15 7.5 4 . 2  

G.E. C-55 60 20 2 50 12 5 69.0 
G.E. C-80 12 0 25 625 

Minimum Source Voltage Levels 

(amps) (uses) C (pfd s ) 

G.E.  C-40 16 12 40 20 11.1 

3 13 174.0 

Similar analyses for  circuit  configurations shown in Figures  C and D w i l l  
yield capacitance values equivalent to  one half the values shown in Table I. 

C 

--- 

Figure D Figure C 

Capacitance values, in parallel type inverter configurations, shown in Figure 
E, are equivalent to one fourth the values of C tabulated i n  Table I. 

I 1 I - 

Figure E 
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Values of commutating capacitances selected fo r  the capacitor study survey 
a re  51, 15 and 50 microfarads.  
multiple se r ies  and parallel capacitor networks for half bridge, full bridge 
and parallel  types of inverters and converters. 

Selection of these values is based on the use of 

Peak recurr ing capacitor currents  a re  determined as follows. 

From energy storage equations 

2' 2 

Substituting C and L from equations (8) and (9) 

Ip  = 2.74 Io E max. for  values of C (loa 
E min. 

Ip = 1.37 Io E max. for values of C/2 (lob) 
E min. 

Peak recurr ing capacitor currents for  the selected capacitance values a r e  
determined from silicon controlled rectifier types,  Io and C values f rom 
Table I and a r e  shown i n  Table 11. 

Rectifier Voltage 
TY Pe Level 

c-11 25-35 
C-40 50-65 
C-80 90-105 

TABLE I1 

Capacitance Capacitor Circuit IPk 
(ufd) Configuration (amps) 

15 
1 0  
50 

C 
c/2 
C 

23.1 
28.5 
109 
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ENGINEERING SPECIFICATIONS FOR COMMUTATING CAPACITORS 

1. Scope--This specification i s  for ar, indastry survey of capacitors fo r  
application in l15/200 volt, 3 phase, 400 c p s  output static inverters  and 
converters  in space environmects. The c r i te r ia  t o  be used in  this 
survey are: 

A.  Volume to capacitance ratio 
B. Weight to capacitance ratio 
C. Power factor to thermal  resistance rat io  
D. 
E. Cost to energy-storage ratio 

Volume and weight t o  energy-storage rat io  

2. Range of Capacitor Ratings 

A. 5 microfarads +20-10% over temperature  range 

1 2 3 

Peak Voltage 35 65 105 
Peak Voltage (10Omsec. D. C. Voltage 52 97 157 - 

I ransient 

Voltage 
3.6  zz  A I  Peak Currefit Amperes @ D. C. Working . I  

Peak Current and Voltage Wa\-eforms Fig.  1A F&V1 Fig. 1B 
Peak Current Amperes (100 msec.  D. C. 

..I- -. 1.- Voltage Transient) 1 . 7 5  _". cl L. z 

B. 15 microfarads + Z O - l O %  over temperature  range 

1 2 3 

Peak Voltage 35 65 105 
Peak Voltage (100 msec .  D. C. Voltage 52 97 157 

Peak Current Amperes @ D.C. Working 13 .3  26 33 

Peak Current and Voltage Waveforms Fig.lA -.lA Fig.lB 
Peak Current Amperes (ZOOmsrc. D. C. 

Transient) 

Voltage 

Voltage Transients) 29 .5  33.4 49.3 

SK-JFS-631108-3 
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C. 50 microfarads {20-10% over temperature range 

1 2 3 

Peak Voltage 35 65 105 
Peak Voltage (100 msec. D. C. Voltage 52 97 157 

Trans ie nt) 

Voltage 
Peak Current Ampere @D. C. Working 46 85 110 

Peak Current and Voltage Waveforms F5g.M Elg.1A Fig.1B 
Peak Current Amperes (100 msec.  D. C. 6 8  129 165.0 

Voltage Transient) 

3. Physical Size and Weight--Vendor to recommend optimum size and 
weight for proposed capacitance value and voltage rating. 

4. Ambient Temperature-- 
of 125OC capacitor hQt spot temperature. 

- 5 5  to 485OC heat sink ambient with a maximum 

5. Method of Capacitor Power Loss Transfer--Conduction through mounting 
surface to  heat sink ambient. 

6. Construction--Hermetically sealed. Capacitor t o  be subjected to 0.25 
atmosphere within equipment enclosure during operational life. 

7 .  Shock--Capacitor is to withstand three 35 g shocks i n  each direction 
along the major  axes. 
second duration. 

The applied shocks a r e  half sine waves of 0.008 

8 .  Vibration--While energized, capacitor is to withstand the following sinusoidal 
vibration requirements: 

Frequency Force or Displacement 
5-20 0.3 inches D.A. 
20-100 5 g ' s  
100-500 10 gls 
500-2000 15 g's 

Duration of the applied vibrational forces is four 15-minute logrithmic 
sweeps from 5-2000-5 cps at the specified Levels and 10-minute dwells 
a t  each resonant frequency found during the sweeps. 

SK- JFS-631108-3 
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9. Radiation--Capacitor shall have a tolerance to the following integrated 
radiation dosage without malfunction: 

A.  5 x 1OI2 NVT Fast Neutrons/cm2 

B. 5 x lo7 RADS (Carbon) Gamma Rays 

10. Operational Life Objective--Energized for  3 years  cmtinuously while 
exposed to the radiation listed in 9 above and 85OC heat sink temperature.  
Capacitor to remain within capacitance tolerance. 
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ENGINEERING SPECIFICATIONS FOR D. C. FILTER CAPACITORS 

1. Scope--This specification is for a n  industry survey of capacitors for 

and converters  operating in  space environments. The criteria to be 
used in  this survey are: 

~ application in 115/200 volt, 3 phase, 400 cps output static inverters  

I 
l 

A. Volume to  capacitance ratio 
B.  Weight to  capacitance ratio 
C.  
D. 
E. 

Power factor to  thermal resis tance ratio 
Volume and weight to  energy storage ra t io  
Cost to  energy storage ratio 

Vendor proposal of types !i. e . ,  dielectric) is r?ct limited t3 one. 

2.  Range of Capacitor Rating 

A.  1000-1500 microfarads 120% over  temperature  range - 

1 2 3 

D. C. Working Voltage 35 65 10 5 
Surge Voltage for 100 msec. 52 97 157 
P-P Ripple Voltage @ 25KC 3 . 5  6 . 5  10 .5  

Rep R a t e  2. 5 KC 

B .  10,000-15()00microfarads - /20% over temperature  range 

1 2 3 

D. C. Working Voltage 35 65 10 5 
Surge Voltage for  100 msec. 52 97 157 
P-P Ripple Voltage @ 25 KC, 3 . 5  6 . 5  10 .5  

Rep Rate 2 . 5  KC 

3. Phisical Size and Weight--Vendor to  recommend optimum size and wieght 
for  proposed capacitance value and voltage rating. 

4 .  Ambient Temperature-- 
of 125OC capacitor hot spot temperature .  

-55 to {85OC heat sink ambient with a maximum 
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6. 

7. 

8 .  

9 .  

10. 
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Method of Capacitor Power Loss Transfer--Conduction through mounting 
surface to heat sink ambient. 

Construction--Hermetically sealed. 
atmosphere within equipment enclosure during operational life. 

Capacitor t o  be subjected to 0.25 

Shock--Capacitor is to  withstand three  35 g shocks in each direction 
along the major  axes. 
second duration. 

The applied shocks are half sine waves of 0.008 

Vibration--While energized, capacitor is to  withstand the f o l l o ~ n g  
sinusoidal vibration requirements: 

Frequency Force  or Displacement 
5-20 0.3 inches D.A. 
20-100 5 g's 
100-500 10 g's 
500-2000 15 g's 

Duration of the applied vibrational forces  is four 15-minute logrithmic 
sweeps from 5-2000-5 cps at the specified levels and 10-minute dwells 
at each resonant frequency found during the sweeps .  

Radiation--Capacitor shall  have a tolerance to the following integrated 
radiation dosage without malfunction: 

A. 5 x 10l2 NVT Fas t  Neutrons/cm2 

B. 5 x lo7 RADS (Carbon) Gamma Rays 

Operational Life Objective--Energized for  3 years  continuously while 
exposed to the radiation listed in 9 above and 85OC heat sink temperature.  
CaDacitor to  remain within caDacitance tolerance.  
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ENGINEERING SPECIFICATIONS FOR A .  C. FILTER CAPACITORS 

1. Scope--This specification is fo r  an industry survey of capacitors for 
application in 115/200 volt, 3 phase, 400 cps output static inverters  and 
converters in space environments. The c r i te r ia  to  be used i n  this 
survey a re :  

A.  Volume to capacitance rat io  
B. Weight to capacitance rat io  
C. 
D. 
E .  

Power factor to  thermal  resistance rat io  
Volume and weight to volt-ampere rating ratio 
Cost to volt-ampere rating ratio 

Vendor proposal of types (i. e . ,  dielectric) is not limited to one. 

2. Range of Capacitor Ratings 

A. 1-3 microfarads 420% over temperature range. - 
1 2 

Voltage r m s ,  420 cps (rated) 13 5 270 
Surge Voltage rms ,  420 cps 17 0 340 

for 5 cycles 
Rated Amperes r m s  . 3 5 5 - 1 . 3 5 5  .?I-:. 1.4 
D. C. Voltage Dielectric Rating 600 1000 

B. 8-10 microfarads 420% over temperature range - 
1 2 

Voltage rms ,  420 cps (rated) 13 5 270 
Surge Voltage rms ,  420 cps 17 0 340 

for 5 cycles 
Rated Amperes r m s  2.55-3.55 5.69-7.1 
D. C. Voltage Dielectric Rating 600 10 00 
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C .  50-60 microfarads - C20% over temperature  range 

1 2 

Voltage rms, 420 cps (rated) 135 2 70 
Surge Voltage rms, 420 cps 1TO 340 

Rated Amperes rms 
for 5 cycles 

I-. 8-21.4 35.5-42.6 
D. C. Voltage Dielectric Rating 600 1000 

3 .  Physical  Size and Weight--Vendor to recommend optimum size and weight 
for proposed capacitance value and voltage rating. 

4 .  Ambient Temperature-- 
of 125OC capacitor hot spot temperature.  

-55 to  4 85OC heat sink ambient w i t h  a maximum 

6. Construction--Hermetically sealed. Capacitor to be subjected to 0.25 
atmosphere within equipment enclosure during operational life. 

7. Shock--Capacitor is to withstand three 35 g shocks in each direction 
along the major axes. The applied shocks are half sine waves of 0.008 
second duration. 

8. Vibration--While energized, capacitor is  to withstand the following 
sinusoidal vibration requirements:  

Frequency Force o r  Displacement 
5-20 0.3 inches D.A. 
20-100 5 g's 
100-500 10 g's  
500-2000 15 g's  

Duration of the applied vibrational forces is  four 15-minute logrithmic 
sweeps from 5-2000-5 cps at the specified levels and 10-minute dwells 
a t  each  resonant frequency found during the sweeps. 
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9 .  Radiation--Capacitor shall  have a tolerance to the following integrated 
radiation dosage without malfunction: 

2 A .  

B. 

5 x 1OI2 NVT Fas t  Neutrons/cm 

5 x lo7 RADS (Carbon) Gamma Rays 

10. Operational Life Objective--Energized for 3 years  continuously while 
exposed to  the radiation listed in 9 above and 85*C heat sink temperature.  
Capacitor to  remain within capacitance tolerance. 
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